Functional role of inflammatory cytokines and antiinflammatory molecules in seizures and epileptogenesis.
We investigated the changes in the expression of proinflammatory cytokines and related molecules in the rodent hippocampus after the induction of limbic seizures. We then studied the effects of pharmacologic intervention on the interleukin (IL)-1 system on limbic seizures and the susceptibility to seizures of transgenic mice overexpressing the naturally occurring antagonist of IL-1 (IL-1Ra) in astrocytes. Limbic seizures were induced in rodents by intrahippocampal injection of kainic acid or bicuculline methiodide or by electrical stimulation of the hippocampus causing status epilepticus (SE). Seizure activity was recorded by EEG analysis and behavioral observation according to Racine's scale. Cytokine expression in the hippocampus was studied by reverse transcriptase-polymerase chain reaction (RT-PCR) followed by Southern blot quantification of the various messenger RNAs (mRNAs) and by immunocytochemistry. We found that limbic seizures rapidly and transiently enhanced IL-1beta, IL-6, and tumor necrosis factor (TNF)-alpha mRNA in the hippocampus with a peak effect at 6 h after SE. Immunoreactivity of the various cytokines was increased in glia. The increase of IL-1Ra was delayed because the peak effect was observed at 24 h after SE. Moreover, IL-1Ra was not produced in large excess, as during peripheral inflammation but in a molar ratio to IL-1beta of 1:1. Intrahippocampal injection of IL-1beta worsened seizure activity, whereas IL-1Ra was a powerful anticonvulsant in various models of limbic seizures. Transgenic mice overexpressing IL-1Ra in astrocytes were less sensitive to bicuculline-induced seizures. This study shows that limbic seizures in rodents rapidly and reversibly induce proinflammatory cytokines in glia and suggests that changes in the IL-1Ra/IL-1beta ratio in brain may represent an effective physiopathologic mechanism to control seizures.